A longitudinal study of rhinovirus infec-ginia, since 1963. Information about illness tions in insurance company employees has rates, antibody responses, and characterisbeen in progress in Charlottesville, Vir-tics of illness has been reported for the first three years of surveillance (1, 2 Antisera pools. A system of intersecting pools adapted to a microtitration method (7) was used to identify the 195 rhinovirus strains previously reported. More recently, a combinatorial pool system proposed by Kenny et al. (8) which included antisera against all 90 numbered rhinoviruses was used (table 1) . The antisera, in dilutions containing 20 antibody units, were divided among 13 pools, which had final .serum concentrations ranging from 13 to 31 per cent. This amount of serum was toxic for WI-38 cells, but the cytotoxicity was effectively removed by one treatment of each serum pool with human liver powder by the method described by Conant and Hamparian (9) . After treatment, the pools were sterilized by filtration through a 0A5-fim filter in a syringe adapted filter holder (Millipore Corporation, Bedford, Mass.) and the pH adjusted to approximately 7.4 with 1 N NaOH or 10 per cent NaHCO,. Antisera against numbered viruses were prepared in the authors' laboratory or obtained through the Vaccine Development Branch of the National Institute of Allergy and Infectious Diseases (3); antisera against unnumbered types were prepared in the authors' laboratory or kindly supplied by Dr. Vincent V. Hamparian.
Neutralization tests. Each rhinovirus strain to be typed was passed in WI-38 cells until cytopathic effect was complete in three to four days. The WI-38 cells used in the microtitration system were monitored weekly for sensitivity to a strain of type 89 rhinovirus which is difficult to propagate in cells with suboptimal sensitivity.
Microneutralizatipn tests (7) with the combinatorial pools were used for the tentative identification of each virus. Final identification was made with monospecific antiserum in a neutralization test (6) using either screw-cap tubes or small tubes in the microtitration system. The accuracy of the standard screw-cap tube and the microtitration systems for final serotype identification was compared by testing 50 strains by both methods. There was agreement between the two methods with 41 of the viruses on initial testing. Six strains had insufficient titers for successful testing by the microtitration method and could only be identified in the standard test. Three strains showed partial breakthrough in both systems. This was presumably due to viral aggregation (10) since the viruses were neutralized by the appropriate antisera after filtration through a 0.05-jtm filter.
Characterization of rhinovirus prototypes 56, 57, 71. Physical, biochemical, and partial serologic characterizations of rhinovirus prototypes 57 (strain CH 47) and 71 (strain SF 365) have been reported (3, 6) . Physical and biochemical characterizations of rhinovirus prototype 56 (strain CH 82) were done by previously described methods (6) . Serologic characterizations were done by cross-neutralization tests employing three to 300 TCID 60 of virus and 1:10 dilutions of antisera in screw-cap tubes. 
For purposes of comparison, these viruses were grouped into "first phase" (types 1A through 55), "second phase" (types 56 through 89), and untyped strains. untyped. Thus, a shift in the distribution of rhinovirus serotypes occurred in Charlottesville during the course of the study. Most important was the finding that approximately one-third of the strains from more recent years could not be typed.
Serotype identity. Thirty-five different "first phase" serotypes were identified among the rhinoviruses isolated in [1963] [1964] [1965] [1966] . The number of strains of each type isolated by year has been reported in detail (3), and this information was also included in a compilation of data on rhinovirus serotypes isolated in the United States (11). Ten additional strains of "first phase" viruses were isolated in 1966-1967, bringing the total number of "first phase" types identified in the population during 1963-1967 to 45 (table 2) . Twenty-six strains of "second phase" types were identified throughout the entire study, increasing the total number of specific types recognized to 71. As observed earlier (3), there appeared to be a random distribution of the types which were identified. Because of the large size of the rhinovirus group, these data do not allow conclusions regarding "common" and "uncommon" types.
Prototype characterization. Rhinovirus •Two hundred sixty-five strains representing 45 types; one strain lost in passage.
prototype 56 (strain CH 82) had the physical and biochemical properties of a rhinovirus (table 3) . Serologic characterization was done for prototype 56 and completed for prototypes 57 (strain CH 47) and 71 (strain SF 365). No evidence of significant antigenic relationships was observed among these viruses and the other types (more detailed information available from National Auxiliary Publications Service, c/o Microfiche Publication, 305 E 46th Street, New York, N. Y. 10017). A low level one-way cross-relationship was found between rhinovirus prototypes 40 and 56. Antiserum to type 56, which had an homologous titer of 1:4096 neutralized type 40 virus at a dilution of 1:64. DISCUSSION Hamre (11) tabulated the nationwide occurrence of rhinovirus types 1A through 55 isolated between 1959 and 1966. Her data showed a wide distribution of rhinovirus types in the United States with no particular pattern to the temporal or geographic appearance of the different types. In Charlottesville, during the years encompassed by the present study (1963) (1964) (1965) (1966) (1967) (1968) (1969) (1970) , the same lack of pattern in the appearance of specific types was observed; however, the distribution of types underwent a general change in the latter part of the study. Viruses of types 1A through 55 were most common in both 1963-1967 and 1969-1970, Rhinovirus surveillance from New York in 1963 -1965 and Seattle in 1966 in the Virus Watch Program also showed less "first phase" and more "second phase" types in the latter period, although only 3 per cent of the strains from each period were untyped (13) . The percentages of types 1A through 55 were 76 and 62, and percentages of types 56 through 89 were 21 and 35 in 1963-1965 and 1966-1970 periods, respectively.
The increasing prevalance of types 56 through 89 and untyped strains raises important questions about the antigenic character of rhinoviruses. In general, these viruses were isolated in a later time period than types 1A through 55, suggesting that there was a shift in prevalent types. A possible explanation for the apparent shift in types is that investigators have isolated and characterized only a portion of a large number of antigenically stable rhinovirus types currently in existence. This hypothesis assumes a requirement for an extended period of time before all types circulate through a geographic area even as large as the United States and Great Britain where most rhinovirus surveillance has been done.
A second possibility is that the untyped viruses are variants of previously recognized types which have undergone recent changes in antigenic composition. This hypothesis receives some support from reports of antigenic variations among strains of two rhinovirus types. Stott and Walker (14) used hyperimmune antisera and patient sera to study 10 strains of rhinovirus type 51 isolated in different parts of the world over a span of four years (1962) (1963) (1964) (1965) The full answer to the question of why there has been a change in rhinovirus types will depend on continuing surveillance with comparisons of the antigens of rhinoviruses of the same or related types isolated in different time periods.
The growing number of recognized rhinovirus types makes epidemiologic studies of rhinoviruses increasingly difficult to conduct. It is encouraging that in the current study the combinatorial pool scheme and the microtitration system allowed accurate serologic identification of a large number of rhinovirus isolates. This method permits an immediate examination of antigenic cross-relationships among strains being tested within the limits of the titers of the antisera used. Thus, misidentification of types with reciprocal or one way crosses (16) should not be a problem with this system. Nine of the 45 rhinovirus strains which were not neutralized by the pools in the present study were submitted as new serotypes. All nine viruses were shown to be "new" types by standard neutralization tests in the authors' laboratory and at the Rhinovirus Reference Laboratory (17) .
